Objective: A simple high performance liquid chromatographic method for the determination of ochratoxin A (OTA) in human blood serum is described. Method: The extraction procedure was simple and short, and liquid chromatographic analysis was carried out isocratically on reversed-phase C18 column, with acetonitrile : 0.08M phosporic acid : isopropanol (45:45:10) at a flow rate of 1.5ml/min, and fluorescence detection (excitation at 330 nm and emission at 460 nm). Results: The mean recovery from authentic contaminated samples (n=5) spiked at 0.3, 1, 2, 4 ng/ml OTA was 97.98% (s.d=2.03). Thirty seven Egyptian serum samples were naturally contaminated with OTA in the range 0.1-2.88 ng/ml. Conclusions: The method is technically simple, specific, cost effective, time saving, suitable for large sample and requires small amount of sample and reagents. It fulfills the criteria for routine method and could be a suitable tool for surveying OTA in human blood serum.
INTRODUCTION
Ochratoxin A (OTA) is a mycotoxin of wide natural abundance as produced by several species of Aspergillus and pencillium fungi during storage of foods and feeds (1), (2). It causes multiple toxicities in animal and human including nephrotoxic, hepatotoxic, immunotoxic, teratogenic, and carcinogenic effects which represent serious health risks to livestock and general population (3). Our previous study in Egypt (4), as well as, studies in Bulgaria, Croatia, Rumania, and Serbia (5), the Czech Republic (6), Turkey (7), Italy (8), Bangladesh (9), Algeria (10), and Tunisia (11) have found significantly higher serum or plasma levels of OTA in patients with kidney disorders compared to healthy peoples. Health regulation authorities define maximal tolerable daily intake levels of OTA of 5ng/kg body weight (12). As a result of relatively long halflife of OTA in human blood of 35 days due to its high binding to plasma proteins (13), (14), OTA determination in plasma represents a good parameters for evaluating the exposure at the population level (15), (16). High performance liquid chromatography with fluorescence detector (HPLC-FD) is the most commonly method used for determination of OTA at the sub nanogram concentration level. Removing interferences from the samples must be carried out before HPLC separation, so that several chromatographic methods are widely used for extraction and cleanup of OTA in serum including liquidliquid extraction (LLE), solid phase extraction (SPE) columns; C18, immuneaffinity, molecular imprinted polymer, and combination of LLE with different types of SPE (17), (18), (19), (20). Most of these methods require a long processing time and a large amount of serum. For the best of our knowledge, this is the first time to use alumina in extraction of OTA from human serum. The aim of the present study is to develop an HPLC method which is simple, rapid, time-saving, as well as reducing the amount of solvent and volume of sample for extraction of OTA to use it in determination of OTA in human serum populations.
Experimental Instrumentation
This study was approved by the ethical guidelines of Mansoura University. The following equipment was used: an 110 pump (Beckman, USA), model 7752 Rheodyne injector, fitted with 50 l sample loop, a model LP-21 pluse dampner (SSI, USA), a fluorescence detector (RF-10 AXL Shimadzu, Kyoto, Japan), a reversed phase C18 column 5m analytical column (250 X 4.6 mm I.D.) from Beckman, and analytical data were collected, stored and treated using the software Eurochrom 2000 for windows (Knauer, Germany).
Chemicals and reagents
Ochratoxin A was obtained from Sigma chemical Co (St. Louis, MO, USA). Acetonitrile, isopropanol, ethanol, and methanol were obtained from Lab-scan chemical Co (Labscan Ltd, Dublin, Irland). Ethanol was obtained from Merck (Merck, Germany). All solvents were of HPLC grade. Alumina was obtained from BDH (BDH, England), orthophosphoric acid, acetic acid and hydrochloric acid were obtained from BDH (BDH, England). Deionized water, purified by MilliQ system (Millipore, Milford, MA, USA), was used throughout the study. Stock solutions of OTA were prepared at 50ng/ml in methanol. All stock solutions were protected from light and stored at 2-8 o C. The stock solutions were further diluted with methanol to give a series of working standards. The working solutions for spiking blank human serum samples were prepared fresh daily.
Blood samples:
Five milliliters of blood samples were withdrawn from healthy individuals from out-patient, Urology and Nephrology center, Mansoura University, Mansoura, Egypt. Sera were separated by centrifugation at 860 Xg for 20 min at 4ºC and then quickly frozen at -20ºC until analysis. Extraction procedure Human serum was spiked with concentrations ranging from 0.3 to 4ng/ml of OTA. OTA in serum was extracted as follow: A 0.5-ml portion of serum was pipette into a 5 ml tube and adjusted to pH 4.5 by acetic acid followed by adding 2ml methanol. The mixture was vortexed for 1min and centrifuged for 5min at 2500 rpm. The supernatant was transferred into 5 ml clean tube. 150 mg Al 2 O 3 (pH=3.4) were added. The tube was vortex for 6 min and centrifuged for 2 minutes. After the supernatant was discarded and 2 ml of 0.08 M phosphoric acid was added, the mixture was vortexed for 3 minutes and centrifuged at 2500 rpm for another 2 minutes. The supernatant was then transferred into a 15 ml clean tube and 8 ml chloroform was added. The mixture was vortexed and centrifuged for one minute at 2500 rpm, the chloroform extract was evaporated and the residue was redissolved in 150 microlitre methanol. 50 microlitres were injected into the high performance liquid chromatography (HPLC) under specified conditions.
Results and Discussion
Results of mean recovery of ochratoxin A from artificial contaminated human serum samples are shown in Table (1) . Serum samples (n=5) were artificially contaminated with 0.3, 1.0, 2.0, and 4ng/ml OTA. The overall mean recovery was 97.98% (s.d=2.03) with a relatively low coefficient of variation (Table 1) . Representative chromatograms of blank and spiked human serum are shown in Figure (1) . Figure ( 2) shows 1, 2, and 4 ng/ml standard ochratoxin A respectively.
Under the described conditions, the retention time was 5.3 min. the LOD was 0.08 ng/ml and LOQ was 0.28 ng/ml. Regression analysis was performed on the calibration curve in plasma. The obtained calibration curve for five independent runs were linear within the studied range between 1 to 4 ng/ml based on peak area.
The regression equation describing the calibration run was con= 0.02(a) -0.05 (R=0.999), where (a) is the area under peak (AUP). The recovery of OTA within the concentration range of the assay is 97.98% and ranged from 96.67% to 101%. It is comparable to other methods in human serum: 85% (21), 70-79% (22), in swine serum: 86.8% (20) and in ewes plasma: 89% (23). The reason for better recovery was the simpler extraction procedure. Additionally, a comparing of amount of serum sample, time and the amount of chloroform required for sample preparation to the other methods. The present method requires 0.5 ml serum, ~ 30min and 8 ml chloroform compared to 0.8 ml serum and 4-48h for sample preparation (20), 2ml serum and 10 ml chloroform (24) , 1ml serum (21) . Meanwhile, the present method does not require the usage of immunoaffinity column as described in the procedures of (20) and (24) and consequently the procedure cost is significantly reduced.
Analysis of real samples
The developed method was applied to the determination of OTA in serum samples. Blood samples from thirty seven individuals were analyzed for OTA. OTA was detected in all serum samples, ranging from 0.1 to 2.88 ng/ml. Among the Thirty seven blood samples analyzed, twenty six samples were contaminated with OTA (70.3%) ranged from 0.10 to 0.19 ng/ml, six samples were contaminated with OTA (16.2%) ranged from 0.20 to 0.28 ng/ml, three samples were contaminated with OTA (8.1%) ranged from 0.34 to 0.37 ng/ml, one sample was contaminated with OTA (2.7%) at 0.70 and 2.88 ng/ml, respectively ( Table  2) . The chromatograms obtained (Figure 1e ) indicate that the OTA peaks are not interfered by other matrix components.
Conclusions
In conclusion, an HPLC method for determination of OTA in human serum has been developed. Sample preparation is easy and rapid. The validation parameters permit OTA in serum to be determined in course of screening studies. 
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